We revive the historically first dark matter model based on neutrinos, but with an additional assumption that neutrinos might exist in tachyonic almost sterile states. To this end, we propose a group-theoretical algorithm for the description of tachyons. The key point is that we employ a distinct tachyon Lorentz group with new (superluminal) parametrization which does not lead to violation of causality and unitarity. Our dark matter model represents effectively scalar tachyonic neutrino-antineutrino conglomerate. Distributed all over the universe, such fluid behaves as stable isothermal/stiff medium which produces somewhat denser regions ('halos') around galaxies and clusters. To avoid the central singularity inherent to the isothermal profile, we apply a special smoothing algorithm which yields density distributions and rotation curves consistent with observational data.
Introduction
The possibility of tachyonic nature of neutrinos has been discussed for three decades. In experiments on parity violation in weak interactions neutrinos are always left (and antineutrinos are right). If neutrino velocities were less than the speed of light, in certain frames the neutrino helicity (the projection of the spin onto the direction of momentum) would inevitably swap to the opposite. This has never been observed, so the possible conclusion is that neutrino velocity must be equal or greater than the speed of light. But effects of neutrino oscillations show that neutrinos have small but non-zero masses and thus cannot travel at the speed of light. So, tachyonic nature of neutrinos might be considered as the consequence of chiral invariance rather than an ad hoc hypothesis. However, the excess over the speed of light is expected to be so insignificant that it hardly can be measured directly in modern Earth-based experiments, and the implementation of the above-mentioned frames in experiment is practically impossible, so the problem remains to be open.
In our approach, apart from the neutrinos originating from annihilation reactions of leptons at the temperatures of a few MeV during early stages of the universe evolution ('secondary neutrinos'), there exists a background of primordial tachyonic neutrinos which comprise the bulk of dark matter (DM). The expected contribution of all secondary neutrinos to DM, as well known, is only about 0.1%.
New Approach to Tachyons
The customary approach to tachyons within special relativity as to spacelike objects with imaginary masses leads to violation of causality and/or unitarity, instability of tachyonic modes, negative energies, violation of the Pauli principle [1] , lack of a generally accepted scheme of (second) quantization for tachyons, difficulties with the classification of tachyons by irreducible representations of the Poincaré group (impossibility to prescribe definite spin values to tachyons [2] ), etc.
Nevertheless, there is a growing tendency of various data in favour of tachyonity of neutrinos [3] . Besides, it is relevant to note that neutrino signal (E(ν e ) ≈ 10 MeV) from supernova SN1987A was registered a few hours before the optical one, suggesting that neutrino velocity excess is ∆c/c ≤ 10 −9 at such energies. To overcome the aforementioned obstacles we employ the squared velocity inversion algorithm applied to squared components of 4-momenta in the dispersion relation (with c = 1):
where bradyon and tachyon energies are
, and similarly for momenta.
This reparametrization algorithm implies that for both relations in (1) the sign of the mass-term remains positive and thus does not lead to negative energies and violation of causality/unitarity, but the signature of the Minkowski-type space for tachyons changes to the opposite. Since the metric is an invariant of the Lorentz group, the change of the signature implies transition to another group.
Thus we now work within a new 'tachyon Lorentz group' which has another (superluminal) parametrization and acts on Minkowski space possessing the opposite signature. The group parameters v = |v| and u = |u| connected via aforementioned non-isomorphic mapping are, strictly speaking, related to different 4-spaces with different Euclidean subspaces. Similar inversion algorithm was proposed by Recami [4] but within a single Euclidean subspace which is still somewhat problematic.
Considering such extension of the Lorentz group for helicity-conserving tachyons, we must also replace Dirac-conjugated wave functionsψ = ψ † γ 0 with Hermitian-conjugated ones ψ † in tachyon neutrino sector. Then the neutrino mass-term will be well-defined separately for neutrinos and antineutrinos (this is impossible in case of the standard Dirac conjugation), and a new tachyon Dirac equation arises: (iγ
, which can be split into two independent equations, (p 0 + σ p + m) ψ R = 0 and (p 0 − σ p − m) ψ L = 0, separately for (R-right) antineutrinos and (L-left) neutrinos. As a result, superposition of the squares of free tachyon spinor neutrino ν and antineutrinoν fields represents a scalar conglomerate Φ = ψ † ψ = ν 2 +ν 2 , ψ = ν + iν. Such effectively scalar field in the Einstein and Klein-Gordon equations leads to reasonable explanation of the dark matter (DM) phenomenon as the primordial tachyon neutrino-antineutrino background [5, 6] .
Isothermal Dark Matter
To obtain the approximate estimation for corresponding distribution of dark matter density we follow the traditional hydrodynamic approach, using the energy density ε of dark matter instead of the mass density, in accord with the conventional relativistic condition of equilibrium reduced in weak gravitational field [7] to: ∇p = dp
where p is pressure, g 00 is the metric tensor component. In spherically symmetric case for both tachyon and bradyon gas with approximately barotropic (isothermal) equation of state p ≈ wε we get d dr
Just as in non-relativistic case, this equation has a particular solution known as the singular isothermal sphere: ε(r) = 2/Br 2 with B ≈ 4πG/wc 4 . By an order of magnitude the factor B −1 might be interpreted as the ratio of mass-energy to corresponding length scale λ : B −1 = M c 2 /4πλ. It might be shown that for usual (bradyonic) matter, the typical equations of state have 0 ≤ w ≤ 1/3, while tachyonic matter, in principle, admits −1 ≤ w ≤ 1 (excluding the aforementioned bradyonic interval 0 ≤ w ≤ 1/3). As shown, e.g., in [8] , even in strong fields the general relativistic stiff equation of state for self-gravitating systems can also induce isothermal behavior of matter.
Despite inappropriate asymptotic behaviour, the isothermal (constant temperature) law seems to be natural specifically in tachyonic case due to extremely weak interaction of such DM with ordinary matter. For large r such solution leads to saturated rotation curves and thus is observationally favored. Then for the Poisson equation for a point source on the isothermal DM background of some scale λ related to effective halo mass as GM DM /λ = V 2 0 , where V 0 is the appropriate amplitude of the rotation curve, we get:
It has a solution representing a sum of the singular Newtonian (baryon) and DM-background terms with effect of saturation of rotation curves for sufficiently large scales:
Unlike commonly used phenomenological density profiles for dark matter halos (see, e.g., in [9] ), isothermal sphere profile has fundamental physical justification. However, it is still not fully realistic due to singular behavior at the center.
Smoothing Algorithm
To avoid problems with the singularities we apply the following smoothing algorithm, replacing point and singular distributions with smoothed ones. For that, we apply to both sides of the Poisson equation (4) the smoothing operatorŜ defined as a convolution of normalized Gaussian distribution with a function in question f (r):
In case of spherical symmetry this operator reduces to one-dimensional integral
f (r )r dr .
In these expressions caps stand for averaging,f = f σ , and at the limit σ → 0 we return to initial singular (unsmoothed) sources. Acting with this operator on the density distribution of a point source and singular isothermal sphere (right side of the equation (4)), we get the smoothed point source and the smoothed isothermal sphere (see Fig. 1 ):
where F (x) is the Dawson function (note that in spherical coordinates δ(r) → δ(r)/(2πr 2 )). The potential corresponding to this smoothed density distribution might be obtained either by solving the Poisson equation for the smoothed distributions, or, taking into account the commutativity of Laplacian and convolution operators, acting directly withŜ onto (5) . Both approaches yield identical results (up to a constant) which have the form
where 2 F 2 a b c d ; z is the generalized hypergeometric function. The rotation curves corresponding to potential (9) are:
This expression as a sum of baryonic (Newtonian) and DM (isothermal) terms is sufficiently flexible. The particular realization corresponding to densities in Fig. 1 is shown in Fig. 2 in comparison with observational data for NGC3198 [10] . Thus, the applied smoothing algorithm resulting in the second term in (8) proportional to M DM might be used to represent DM density distribution instead of commonly employed phenomenological halo profiles.
Conclusions
In our approach dark matter (DM) is represented by tachyonic neutrino-antineutrino conglomerate distributed all over the universe and accumulated around galaxies and clusters. At the current stage of the universe evolution tachyon neutrino DM background might be considered as a stationary fluid, which in our case is described on the basis of generalized isothermal halo profile leading to an appropriate additive term to the Newton-type potential. Employing the smoothing algorithm described above it is easy to obtain the observed saturated rotation curves by appropriate fit of smoothing parameters without invoking any ad hoc profiles.
As for the non-stationary initial hot stage of the universe evolution, the same gravitating neutrino-antineutrino conglomerate might, in principle, be regarded as a seed material for Pervushin's 'dilaton fabric' producing intermediate vector bosons [11] . This would be the case if colliding radial beams of tachyon neutrinos and antineutrinos in the central domain of super-strong gravitational field could be reprocessed into vector bosons and leptons, ν +ν → W + + W − , ν +ν → Z, ν +ν → e + + e − , with the subsequent universe evolution close to the standard scenario.
It should be noted that existence of the primary tachyon neutrino DM background considered here does not imply by itself that the secondary neutrinos (produced at the cosmological temperatures about a few MeV from leptons annihilation) must be of tachyonic nature as well, and today we cannot exclude the possibility of production of the rest of neutrinos in bradyonic states. This might be established or disproved in future by comparing potential observations of cosmic neutrino background [12] with high-and low-energy Earth-based neutrino experiments and also by detecting neutrino flows from supernovae like SN-1987A within our Galaxy.
